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Cloning and its activity analysis of santalene synthase gene (SaSSy)
promoter from Santalum album

Zhou Huiwen Qiu Lihang Yan Haifeng
(Sugarcane Research Institute, Guangxi Academy of Agricultural Sciences, Guangxi Key Laboratory of Sugarcane Genetic
Improvement, Key Laboratory of Sugarcane Biotechnology and Genetic Improvement (Guangxi) of

Ministry of Agriculture and Rural Affairs, Nanning 530007, Guangxi, China)

Abstract: [Objective] The primary active component of sandalwood essential oil is santalol, yet the
transcriptional regulatory mechanism of key biosynthetic enzyme gene santalene synthase (SaSSy) remains
unclear. This study aimed to clone and preliminarily characterize the promoter of SaSSy gene in Santalum
album, and to explore its transcriptional regulatory features. [Method] The 1 437 bp promoter sequence
upstream of ATG start codon of SaSSy gene was cloned from Santalum album using Tail-PCR. Cis-

regulatory element analysis was performed to identify functional motifs. Transcription factor binding sites

Wofs HEA: 2025-11-03 f&£[EI H#3: 2025-11-30

HETHH: HXARREEEETIH (32060358, [ 76 FARFHE: 5475 H (2019GXNSFAA185005) «

E—1EE: AESC BRIV R FEWFFIT A MRS AW 2EWE 7 Email: zhouhuiwen1990@163.com  Hudik: 530007 | P4 H 6 X /e T
WRZEAR I 172 5 B RN R B H BERFTTAT

BEMEER: ElE, BIFTTR. EEOFITIE: RS TAEY AT Email: gstsyhf@163.com  #ihik: [7 k.

Z<F ik https:/j.bjfu.edu.cn; https:/journal.bjfu.edu.cn


https://doi.org/10.12171/j.1000-1522.20250429
https://doi.org/10.12171/j.1000-1522.20250429
https://doi.org/10.12171/j.1000-1522.20250429
mailto:zhouhuiwen1990@163.com
mailto:gstsyhf@163.com
https://j.bjfu.edu.cn
https://journal.bjfu.edu.cn

50

= N AN

were predicted, and KEGG enrichment analysis was conducted to explore associated regulatory pathways.
The transcriptional activity of the promoter was verified via transient expression assays in tobacco leaves.
Sandalwood calli were treated with 100 pmol/L methyl jasmonate (MeJA), and SaSSy expression was
analyzed by RT-qPCR. GUS activity driven by the promoter was measured to assess MeJA responsiveness.
Truncated promoter versions were constructed to identify functional regions. [Result] A 1 437 bp promoter
sequence of SaSSy was successfully cloned, containing light-, hormone-, and stress-responsive cis-elements.
Transcription factor binding site prediction and KEGG analysis revealed enrichment in pathways related to
plant hormone signaling, MAPK signaling, plant-pathogen interaction and circadian rhythm. The promoter
demonstrated transcriptional activity in tobacco transient assays. MeJA treatment significantly upregulated
SaSSy expression and enhanced promoter-driven GUS activity. A truncated 264 bp core promoter region
(PSaSSy-D4) retained full transcriptional activity, comparable to full-length promoter. [Conclusion] The
present study reveals fundamental characteristics of PSaSSy, confirming that its expression is positively
regulated by MeJA, and identifies a core promoter region (—264 bp) containing key cis-acting elements. The
MeJA-inducible characteristics of PSaSSy provide experimental evidence for enhancing sandalwood

essential oil biosynthesis through exogenous signalling molecules, and offer a candidate target for further

548 4

elucidating the transcriptional regulatory network of santalol synthesis.

Key words: santalene synthase; SaSSy promoter; transgenic Nicotiana tabacum; MeJA induction
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T s A R A 1) B4 2R A AT AR o 78 A I
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T8 H 45 Bl 32 R (SaSSy) J8 Tt 2R & a WK
R (TPS-a) o 1ZFEH T2 00 A0 THE AR YA b, 24
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T I K 21 2 0 A Wi R TR S BT (PSaBS)TE AU I
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AR RK R AR T, H R I 2580 7 1k
FEIRFREN, WF 5 R BN SaCYPT364167 3 (1) )5 5
T HA MG R RGN, © R K E )
JZ S VR AT R R HE T AR, A O 3 BT X
SE BV % A T ) 936 bp AN BTN
58 HAE 7 45 A Bl S IR (SaSSy) 1 7 e 5 Th g 4 5 11,
IR H R AW %, K I bHLH ¥ 5% [ 7 7l il
W EEAH ST N G-box NIFEAE FH TCEEGE SasSSy
FIE), FFH MYB36-like. HSP20 & ATHB-15 45
HoAb 42 R 7] 2 5 H S0, SR, SaSSy
J& BT (PSaSSy) 1) e i A 2 AL AT A 45 52 58 56 F
HIhReRrIE 5 1 45 M 15 R GEET -

AHE TR IS JE B 1 1 e R AU SRR, IR AR
Gi5e s 1 PSaSSy MAE FH oo 7 8, IR
THBZ O R X, SEEBER TS S T
FoWamm B, A AR A BOS AN AR
PR B T RS S AT

1 #8577 %

1.1 e

SEHG it AR A AL 2355k B R 7 e S me A A
Dol HE A P Lt [ 7 AR AR R, SR ARG, B
F-80 C AR IKFE +LR-AF
1.2 PSaSSy &R/ S5 47

K R BUE #: AU 4 DNAout iR 77 &1 (Tiandz,
Inc)FZHUE R K 240 DNA. J3 3 T8 198 FH At
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FHIF5IH(AD1 ~ ADS), SIMFHI ML 1. K23
I g J2 R DK 8 I PR 184 P R AT VDR RIS
$2 2 pMDI19-T faj R AA, F A KT B DHSo %52
AN, TR SRAT PR v R o K P A A T
A TRECEED B AR A A, £ 4 Sanger M 77%
BEAT I 58 UE o 34 P2 M) 4 B K B8 AE 5, R Plant
CARE 7t Z¢ 1. H (http://bioinformatics.psb.ugent.be/
webtools/plantcare/html/ )X} PSaSSy JF 51 i3 17 i = A&
FHoetEmE . IR PlantPAN TEZE 35k Chttp:/plantpan.
itps.ncku.edu.tw/) Tl SaSSy JA 3l F 7] fe &5 & I Fs %
¥, Wik B JF . 12 H OmicShareTools!”
(https://www.omicshare.com/tools) i3 17 #% 5% [K F )
KEGG & £ Hr Ak .
1.3 & GUS RGBS &

AR P00 40 05 XA FH oAk 45 SR, it 57 i 2k
BT SaSSy AT M 6 2 I FE - 1) 555 51

W LA K AR TR 373 5190 (R 1), FFH AR E (2 x
Es Taq MasterMix, CWBio Co., Ltd.) 43 7 ¥ 1% SaSSy
FLR B A 3 7 X 3k, T 6 AR 5k B
(E 1, B PSaSSy 4= PSaSSy-D1 (~1270 ~ —1
bp)~ PSaSSy-D2 (—854 ~ —1 bp)+ PSaSSy-D3 (=599 ~
=1 bp). PSaSSy-D4 (=264 ~ —1 bp), PSaSSy-D5
(=151 ~ =1 bp). FH M4 1) SaSSy JA 8+ F Bt v b
% pCAMBIA1391z # /& (Takara Bio Dalian Co., Ltd.)
i1, ¥4 pCAMBIA13912:PSaSSy:GUS % %1 #% 7 %
& o KA Nco 1. BamH 1 J% Hind 111 [R 1l ¥4 P V) i
(New England Biolabs) ¥ i 7] 3 17 %k (A ¥4 &, 48 T4
DNA % #[if (New England Biolabs)i% % J5, #{L &
KIH B DHSo 252 25 41 il ( Tiangen Biotech Beijing
Co., Ltd.), ¥t PHE v b
14 EEAGALKLIE

DAY A AR f R IR A AME AR AT R A
A LNE S IR W Yan 20050, R BUAE K R
(1) 7340 20 2R 5% 7 31 MS TR B Al 15 7R B b, A 100

x1 AZBETAKNEESY

Tab. 1 All primers used in the experiment
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51 51(5—30

1391-PSaSSyF
1391-PSaSSyR
1391-PSaSSy-D1F
1391-PSaSSy-DIR
1391-PSaSSy-D2F
1391-PSaSSy-D2R
1391-PSaSSy-D3F
1391-PSaSSy-D3R
1391-PSaSSy-DAF
1391-PSaSSy-D4R
1391-PSaSSy-DSF
1391-PSaSSy-D5R
Sytaill

Sytail2

Sytail3

ADI

AD2

AD3

AD4

ADS5

Sal8S_F

Sal8S_R

SaSSy-F

SaSSy-R

AACTGCAGTCGACGATTGAGAGAGCA 1391z vector
CGGGATCCTAGTGAGAGAGCTGAGTA 1391z vector
AACTGCAGAAAGTATAATGAGATAAT 1391z vector
CGGGATCCTAGTGAGAGAGCTGAGTA 1391z vector
AACTGCAGAAAATTTGAAGTAGTTGA 1391z vector
CGGGATCCTAGTGAGAGAGCTGAGTA 1391z vector
AACTGCAGACTCCTTCATCCATTCTG 1391z vector
CGGGATCCTAGTGAGAGAGCTGAGTA 1391z vector
AACTGCAGCAGACCTGGGGGCAGGG 1391z vector
CGGGATCCTAGTGAGAGAGCTGAGTA 1391z vector
AACTGCAGTTAAATAAGAAAAAGGAT 1391z vector
CGGGATCCTAGTGAGAGAGCTGAGTA 1391z vector
GTCCCACCAGCCTCACGC Tail PCR
TTTCTTACACACTGGTCCGTTG Tail PCR
TTTCTCTCCTCTCACCTTACCTTT Tail PCR
NTCGASTWTSGWGTT Tail PCR
NGTCGASWGANAWGAA Tail PCR
WGTGNAGWANCANAGA Tail PCR
TGWGNAGWANCASAGA Tail PCR
AGWGNAGWANCAWAGG Tail PCR
TGACGGAGAATTAGGGTTCG RT-qgPCR
GTGCCAGCGGAGTCCTATAA RT-qPCR
ATGGATTCTTCCACCGCCACC RT-qPCR

CTACTCCTCGCCGAGAGGAATAG

RT-qPCR



http://bioinformatics.psb.ugent.be/webtools/plantcare/html/
http://bioinformatics.psb.ugent.be/webtools/plantcare/html/
http://plantpan.itps.ncku.edu.tw/
http://plantpan.itps.ncku.edu.tw/
https://www.omicshare.com/tools

52 b ® Mok K % %R 548 %

14370 p——l] Psassy WHITAMN R, BEARLERLE 37 C RKEDNE
2706 - B, Kb RHE N K CRERL €, 22 B X R
e A I, FI AR (XTL-3400, 545, 1775, )

=854 bp O 515,02 KEEK .
500 bp oo GUSFiﬁﬁ%%?ﬁﬂ%ﬁﬁﬁi%%i&jﬁ”’2”0 B
O psassy- 100 mg B B 5 46 J5 9 AR TR RS 1y, Y URIT B
72645 Y sy -D4 N GUS 2 BU (50 mmol/L % B8 2% i i+ 0.1%
_151bp Sarcosyl. 10 mmol/L EDTA. 0.1% Triton X-100. 10
==& Psassy-Ds mmol/L B-3% 5 Z,B), 12 000 r/min. 4 °C &0 10
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Fig. 1 Schematic presentation of truncated promoter of SaSSy
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%Al QRT-PCR 4% Yan 2P0 777533847 . FF RT-
qPCR IR R L5151 T3 1
1.5 REBRRRESHELE

B AR KA B (Nicotiana benthamiana) ¥ 8 T 1%
A RIFRISER R, 7E 28 C. 16 h HBHR. 8 h IS
BrIRA PR IR, SRR 4~5 B EH TR Rk
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Heim AL G, FHVE S 2 A 1 mL 5B RV, G EK A
RUF 4 J 2 KNI A IRBE B, N AR By N
W, FARTESS 3~ 4 AR K—Em Ao VRS A
PET 28 °C. 16 h Y6 [8/8 h IS 44 T 45 9% 48 h, H]
TIE8: GUS L ge il GUS B 1l i€ o

FrR AR RIS AEKE 48 h J5, BNEY
FEH IR 3 BRMEE, A 1 BRIEEE 3 ~ 4 W
-, B H5E RN EE 100 umol/L 1) MeJA i
A COof BRI N AH AR AR (19 4 2.88 mL/L & B 1
ddHO VAR B, B TR MM IE AT, £
28 °C KM FREFE 12 h, 285 AR R E A )G,
B T80 CH T GUSE R . [FK LA T
pCAMBIA1391z 7% & 44 (1) 8 52 1 v A 100 pmol/L
[ MeJA VAR EE, A 1 X R
1.6 P-FIHEESEAES ( GUS ) AN FE e 5iFE R

% 1 GUS %4 3K 77l & (Real-Times (Beijing)
Biotechnology Co., Ltd.) it B 15 #E 47 Y 8, 3k H B B
FIEHVIHFE I P RE S I0NEC B 41 GUS i LA

PAA I3 1 25 1 (BSA, 35 [E Sigma-Aldrich) A Fr #E
FRREAT AR HT 2R 5. GUS MR R A 1 mmol/L 4-
R 5 < 70 i - B8] A 5 R 1 (4-MUG, Sigma-Aldrich
Co. LLC), 37 °C i&¥ /5T 0. 5+ 15, 30+ 60 min HUFE
# 1k, EnSpire 2 I g i #5 1X (35 [H PerkinElmer) £
M 365/455 nm G . HRIE 4-MU byt i £ 11 5 g
&P (nmol /(min-mg) & ), F#E LA 3 IREYF=EE
XA + Pt Z R
1.7 HIEGIT S

X F SPSS 20.0 % A (IBM) 34T 48 23 #7, T
Graphpad Prism 9.5 #HAT1EE] . LR TTZ 01T,
K F Duncan #5560 FE A 2H 18] 22 7 B2 M (p = 0.05) .
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2.1 SaSSy REhFHITEPERF 5 547

PATE 7F DNA J9#H, K H Tail-PCR £ A L)
SLbERS 2] ATG 2 U5 %1+ EJiF 1437 bp 1) PSaSSy
BT 3= ik AT (B 2 ~ 3) K&
16 F J5, 3238 & NCBI GenBank # #5 JE (B % 5
MG917672) .

Jii AR F e A 93 Bt 285 SRR B, PSaSSy J7 51+ ot
PR AT S]] 3. 3 2) 0 BRAZ OB sk Je/F (CAAT-
box 5 TATA-box )4, %5 8 T I ok EE N
3 2%, Eednytma N oo, A4 AE-box. Box I. CATT-
motif. G-box. GA-motif. GATA-motif. GT1-motif. I-
box. Spl J TCT-motif. 7m0 4F Can s 18 -5

2000 bp

1 000 bp
750 bp
500 bp

250 bp
100 bp

M. 2> FHEFRiE; P. PSaSSy, B SaSSy ishT

2 SaSSy JABNT PCR 414
Fig.2 PCR amplication of SaSSy promoter
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Fig. 3 Schematic diagram of cis-acting elements in SaSSy promoter
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Tab. 2 Cis-acting elements of SaSSy promoter
FA Jut izl Ihik
G-Box CACGTT S 2 P A 2 e
G-box TACGTG s 82 A P R A oA
G-box CACGAC S 82 A FH YR oA
GT1-motif GGTTAA S N e
GT1-motif GGTTAAT S B 7 A
Spl GGGCGG SR N T
Box 4 ATTAAT S 9 {5 <F DN AR B (1 25 B 4
S B N
Box 4 ATTAAT S 97 R SF DN AR ER [ 41 B 58 43
Box 4 ATTAAT e 7 AR 5 DN ABLER R 25 B8 43
I-box CCTTATCCT S I8 7 (14 2L RS 4
TCT-motif TCTTAC e 7 TG A () 2EL R o
TCT-motif TCTTAC ] 7 TG 4 ) 28 R 4y
GATA-motif AAGGATAAGG e S TG AR () 28 R
chs-CMAla TTACTTAA S 8T R 2R R 43
TGA-element AACGAC AR F R T
TCA-element TCAGAAGAGG TR S =R F e
ABRE ACGTG Tt 7 B e S ERAE FH e
ABRE ACGTG Tt v B e S I ERAE FH e
BN e e
TGACG-motif TGACG SR AT i S A R 3% e A
TGACG-motif TGACG ST R i o S A R 3% e £
CGTCA-motif CGTCA SR FTTR P e S =G AE FH 4 o ik
CGTCA-motif CGTCA R T o S 54 R E e A
TC-rich repeats GTTTTCTTAC 1977080 25 Jlh e oS82 W =A% FH T A
LTR CCGAAA ARG e S A FH o
AW/AEA Y il ARE AAACCA PREAFE T 0 7% oo
GC-motif CCCCCG 2 S S S S B T o
CCAAT-box CAACGG MYBHv145 47 i
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F T IO ARED AE m B oA CAnsK M R AE 5
M. I TCA-element. M 7% B2 M B2 ) ABRE. > Fij B¢
H g (MeJ A5 5 1 S Y] CGTCA-motif 5 TGACG-
motif), A LA N MelJA 15 5 o 8 H i £
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TS “MAPK 5 5 B B —HEH Y7 i WRKY
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AT5G52830. AT5G07100. AT4G01250) NI7E “MAPK
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